Background Data: The cervicothoracic spine is a junction area with complex biomechanics. A variety of disorders affect this region, rendering it unstable. Numerous posterior constructs have been evaluated. The clinical efficacy of a screwrod system utilizing tapered (dual-diameter) rods in cervicodorsal stabilization is still not evident. Purpose: Our aim is to evaluate the clinical efficacy of dual diameter rods (5.5-3.5mm taper), connecting 3.5-mm cervical lateral mass screws/pedicle screws and 5.5-mm thoracic pedicle screws used to instrument across the cervicothoracic junction for a variety of pathologies. Study Design: A retrospective descriptive clinical case study.
Introduction
The cervicothoracic junction is a transitional zone in which the spine changes rigidity and sagittal plane geometry. The cervical spine has a mean lordosis of approximately 40°, and is relatively flexible. By contrast, the thoracic spine is kyphotic with a mean of 10-40°. It is also rigid owing to articulation with the rib cage and sternum. 32 A variety of conditions destabilize the cervicothoracic junction, including trauma, tumors, infection, and iatrogenic causes. Instrumentation across the cervicothoracic junction must address its challenging biomechanics. As a transition zone from the flexible, lordotic cervical spine to the rigid thoracic spine, the cervicothoracic junction is subjected to force concentration. 30 When significant instability exists, most authors have recommended combined anterior-posterior treatment. 4, 14, 18 This trend is due in part to the limitations of fixation at the cervicothoracic junction. 31 Fixation in the sub axial cervical spine is not as rigid as that in the upper thoracic spine. Recent advances in technique and instrumentation, however, have improved fixation, making posterior-only treatment of significant instability possible.
A variety of posterior instrumentation techniques are available, ranging from wiring systems to screw-rod systems. The aim of this study is to evaluate the clinical efficacy of dual diameter rods or tapered rods (5.5-3.5mm taper), connecting 3.5-mm cervical lateral mass screws/ pedicle screws and 5.5-mm thoracic pedicle screws used to instrument across the cervicothoracic junction for a variety of pathologies.
Patients and Methods
This is a retrospective study carried out between February 2011 and February 2015, at the Department of Neurosurgery, Suez Canal University Hospitals (Ismailia, Egypt). A total of ten consecutive patients were followed. Inclusion criteria required all patients to have pathologies in the cervicothoracic spine which is the area between 6th cervical vertebra and 2nd thoracic vertebra. The patients underwent a detailed history, clinical examination, and were investigated in the form of radiographs, magnetic resonance imaging, and computed tomography (CT) scan of the entire spine. The patients' neurological functions were classified according to Frankel grades 11 of paraplegia (Table 1 ).
Surgical Procedure:
All patients were operated using midline posterior skin incision and subperiosteal retraction of the Para spinal muscles to expose the affected segment. 3.5mm cervical lateral mass screws were inserted in the 4th, 5th or 6th cervical vertebra according to level of stabilization needed. C7 lateral masses or pedicle screws were used according to every patient anatomical suitability. Transpedicular screws were used in the upper thoracic vertebrae needed. All cases underwent a posterior instrumented fusion. The screws were connected by dual-diameter rods (tapered rods) which taper up from 3.5mm diameter to accommodate the cervical screws to a diameter of 5.5mm for the thoracic screws ( Figure 1 ). In cases with neoplastic and infective etiologies, biopsy material was obtained and appropriate tests were carried out for further management. Duration of surgery, blood loss, and the duration of inpatient treatment were recorded. Intraoperative and perioperative major and minor complications were assessed. The patients were periodically followed up for a detailed neurological examination. The patients underwent routine radiographic examination at follow-up visits and a CT scan and MRI at 1-year follow-up.
Results
A total of ten patients were included in this study including six males and four females. The detailed data of the study group are presented in ( Table 2 ). The age of the patients varied from 21 to 62 years (means 40 years). There were five cases of trauma. There were two cases of tuberculosis. There were three cases of spine metastasis.
In this study, five patients suffered from traumatic insult at the cervicothoracic junction.
Three of them suffered flexion distraction injury with unilateral locked facet in one and bilateral locked facet in the other two patients. Attempted closed cervical traction was tried and failed in the three cases. Surgical open reduction was done by using curettes of variable sizes and spinal stabilization and fusion was done. Two patients were neurologically intact preoperatively and the one with complete paraplegia did not show any improvement after reduction, fixation and physiotherapy. The other two trauma patients got tear drop fracture of the 7 th cervical vertebra due to flexion compression injury. This was due to diving accidents. Both patients had complete paraplegia. Also they showed no improvement in the follow up.
In the study group, two cases of tuberculosis were included. The lesions affected mainly 7 th cervical and first thoracic vertebra. They were treated with transpedicular decompression. This eliminated the need for an anterior approach. The anterior column was reconstructed by shortening and end-plate to end-plate apposition and compression. All the patients were started on antituberculosis drugs based on drug sensitivity tests. There was significant improvement in neurological status in the two cases after surgical debridement and chemotherapy as shown in (Table 2) .
We had three patients with cervicothoracic metastasis. They had their primary in the lung in two patients and in the prostate in the 3 rd patient. They were treated by posterolateral decompression & posterior instrumented fusion with improvement of the neurological function of both patients. Radiotherapy was started then after wound healing.
Regarding postoperative complications, infection was the main problem in our study. Two patients showed superficial wound infection which improved by daily dressings and medical treatment and one patient showed deep infection three weeks after surgery in the form of progressive swelling and pain at site surgery. The patient had exploration of the wound and debridement. Surgical drain was inserted deeply in the wound and left for ten days to drain. Intravenous antibiotic were given according to culture and sensitivity.
On the basis of the clinical assessment, radiographs, and CT scans, there was no implant failure at final follow up. There was no loss of correction in any of the cases. All cases showed a successful fusion at the end of 1 year. There was a clinical improvement in neurological status in seven of the ten patients ( Table 2) . 
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Discussion
The region of the cervicothoracic transition is characterized by an intermediate zone between the cervical lordosis and the thoracic kyphosis, which leads to a transfer of the load to the posterior arc.
8
This causes an increase in mechanical stress in this transitional region, which added to the anatomical variations, leads to technical difficulties for the passage and effective fixation of screws, prompting the search for options to stabilize of this region.
The biggest challenge in using transpedicular screws in the cervicothoracic region is the technical difficulty of inserting the screws. The small size of the pedicles and the angle of attack for insertion of the screws complicates the surgery. Use of intraoperative fluoroscopy can assist in the placement of these screws. However, the positioning of the C-arm to obtain adequate images may be difficult in some cases. 16, 27 A variety of disorders affect the cervicothoracic junction. 4, 7, 9, 23 Trauma, degeneration, neoplasms, and infections like tuberculosis can potentially destabilize this area. Stabilization of pathologies in this area is challenging because of the small working area and a smaller margin for error as the important viscera of the mediastinum are in close proximity to this region. A number of biomechanical studies have demonstrated the lower cervical spine to be stable in extension and the thoracic spine to be stable in flexion. 4, 6, 25, 28 Traditionally, anterior approaches are utilized to treat the pathologies in this region. Access to the anterior cervicothoracic junction is difficult and technically demanding, because of the presence of vital structures. This renders the depth of the wound variable due to the sudden change of the cervical lordosis to thoracic kyphosis. Biomechanical studies have demonstrated that anterior plating is inferior to posterior instrumentation and that anterior instrumentation spanning over 2 or more levels requires additional posterior fixation in this region. 1, 17, 21 We use the anterior approach only as an adjunct to posterior fixation in cases where there is a significant anterior void. In such a situation, an isolated posterior fixation will fail because a deficient anterior column will prevent the tension-band effect in extension. The posterior fixation provides a tension-band effect in flexion only in the presence of an intact or minimally compromised anterior column. Biomechanical studies have reflected on this concept. 19 All posterior constructs failed in a three-column injury studied in cadaveric models subject to biomechanical testing.
A variety of implants are available for posterior fixation at the cervicothoracic junction. The oldest and simplest of these are wiring techniques. Sublaminar wires are used in conjunction with Luque rods or the Hartshill rectangle. Numerous reports have described the safety, cost efficiency, and clinical efficacy of this technique. Jackson and Gokaslan
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have described these implants in management of spinal instability secondary to neoplastic process at the junction with good results. However, these wires are not without complications. The complications reported include cord damage, excessive bleeding, nerve root injuries, and parasthesiae and dysthesia in the limbs.
13 Furthermore, they cannot be used in situations where a laminectomy is needed and as a consequence long segment fusions are necessitated. The Hartshill and Luque rods are bulky implants which may cause prominence of the skin and subsequent tension on the wound edges leading to necrosis of the skin.
Other systems utilizing hooks and rods are available, and there are 2 studies in literature which have utilized the Cotrell-Dubousset system. The studies have shown good fusion rates and minimum complications. However, insertion of these bulky implants in the cervical canal is fraught with complications. In addition, as decompressive procedures are required in most cases, the surgeon has to fuse more levels necessitating long constructs. 15, 17 Several biomechanical studies have shown lateral mass screws with plates or rods to be superior to posterior wiring techniques. 12, 18, 26 Many articles utilizing posterior screw and plate constructs have shown good fusion rates. 2, 6 However, as the lateral mass screws have variable entry points because of variable inter facet distances, it is difficult to line-up the holes of the plate with the entry points of lateral mass screws. This affects the placement of lateral mass screws, leading to complications. 19, 20 To overcome this, posterior rod and screw constructs were developed. At the cervicothoracic junction, the cervical lateral masses gradually decrease in size, whereas the thoracic pedicles gradually increase in size. As a consequence, the lateral mass screws become shorter in length and have a more laterally placed entry points, whereas the upper thoracic pedicle screws need to be angulated medially, as reflected by numerous studies. 5, 22, 24, 25, 28, 29 This causes problems in aligning the rods to fit into the tulips of the cervical and thoracic screws. The advent of polyaxial screws solved the alignment problem.
Various combinations are available, (1) 3.5mm cervical lateral mass screws can be extended into the thoracic spine; (2) the 3.5mm cervical screws can be connected to the 5.5mm thoracic pedicle screws by 2 differing diameter rods connected by a fixed or a hinged domino-connector (wedding band); and (3) the screws can be connected by tapered rods or dual-diameter rods as described earlier.
A biomechanical study of these four constructs (hinged and fixed domino-connectors separate) has been conducted by Tatsumi et al, 30 They concluded that the construct containing all 3.5-mm screws was the weakest and failed consistently at lower loads. The hinged domino construct failed at the hinge axis which was the weakest link in the construct. Theoretically, this could lead to clinical failures. The tapered rod and the solid domino construct were the strongest of all evaluated constructs.
The solid domino-construct is an attractive option. However, at this complex area where the cervical lordosis transitions into thoracic kyphosis, an extensible approach is difficult. Also there is very little space available to manipulate these dominos. The dominos are bulky and rod insertion would require considerable manipulation which could theoretically injure the exposed neural elements. As these dominoes occupy space, bone graft placement may be compromised. In such a situation, the tapered rods offer an excellent fixation method to connect the cervical and thoracic screws. The rod insertion technique is a familiar technique to all spine surgeons. The implants are not bulky and enough space is available for inserting the bone graft. There is a theoretical risk of the rods bending at the transition point, but this has neither been reported in literature nor has been witnessed in our series.
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The main aim of instrumenting the cervicothoracic junction is to prevent further damage to the neural structures and stabilize the spine for a sound arthrodesis. Clinically, there was a well-maintained neurological improvement in majority of the patients indicating adequate stabilization of the segments. Radio logically, our study showed no breakage, bending, loosening, or backing out of implants. The tapered rod-screw construct has shown excellent efficacy in posterior instrumentation of the cervicothoracic junction.
Conclusion
Tapered rods can be considered to be excellent longitudinal connecting members of posterior constructs while instrumenting the cervicothoracic junction. The constructs incorporating these rods have shown no clinical failure in the follow up.
